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Phenomenological	Classification

Full-Swath	GMI
• Better	sampling
• Land	only
• Uses	MERRA2	for	Tskin and	first-guess	atmosphere	

profiles
• Cloud	clearing	from	MERRA2

DPR	Swath
• Limited	sampling	(especially	at	individual	DPR	angles)
• Land	+	ocean	(for	sigma0-wind	model	function	

development)
• Uses	GANAL	Tskin and	first-guess	atmosphere	(for	

consistency	with	combined	algorithm)
• Precip clearing	from	DPR	and	cloud	clearing	from	MERRA2

Effect	of	Differences	in	Tskin between	MERRA2	and	GANAL

Comparison	of	Cloud-Cleared	and	Precip-Cleared	Emissivities

The	greatest	source	of	uncertainty	in	the	
emissivity	retrieval	is	the	surface	skin	
temperature,	which	must	come	from	ancillary	
data	since	GPM	does	not	have	an	IR	instrument.	
MERRA2	and	GANAL	have	systematic	surface-
dependent	differences,	particularly	in	the	cold	
season.	The	GANAL	surface	model	was	also	
changed	in	March	2016,	leading	to	a	discontinuity	
affecting	some	GPM	products.

Another	uncertainty	in	the	emissivity	database	is	
the	potential	contamination	from	non-
precipitating	liquid	clouds.	These	are	difficult	to	
detect	directly	over	land	from	GMI	data,	so	
ancillary	data	(either	geostationary	satellite	or	
reanlysis)	must	be	used.	MERRA2	indicates	a	
signifant fraction	of	observations	are	effected	by	
non-precipitating	clouds	in	the	tropics	and	high	
latitudes,	and	this	has	a	significant	impact	on	the	
retrieved	emissivity	at	some	frequencies.
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Figure 2.5 – The IGBP map
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Figure 2.6 – Mean emissivity for each type of vegetation for July 2015, as a function of frequency,
for the Northern Hemisphere

three categories are well distinguishable: the higher the vegetation density the higher the density of
scatterers. For highly vegetated area the vertical and horizontal polarization di�erence is about zero.
When frequency is increasing polarization di�erence of low vegetated area, seem to react like highly
vegetated area. Indeed the higher the frequency, the higher the sensibility to small scatterer, thus
the surface appears rougher for higher frequencies [9].

Figure ?? represents the mean of the backscattering coe�cient as a function of incident angle for
the eight vegetation types for the month of July 2015. Close to nadir from 0o to 2o, large di�erences
in backscattering are observed between vegetation types. For larger angles, the angular dependence
decreases, especially for dense vegetation density. Evergreen broadleaf forests have a backscattering
coe�cient rather stable after 2o whereas woody savannas seem to be stable after 10o. Regarding
barren or sparsely vegetated areas and even croplands and grasslands, the backscattering coe�cients
strongly decrease with angles, as expected. Figure ?? also shows that the standard deviation decreases
with angles, which signifies that near nadir the variability of the backscattering is high [12]. Ku and
Ka bands seem to have similar behaviours, with more variability at low incidence angles at the low
Ku frequency: this is due to the larger sensitivity of the Ka band to smaller scatterers.
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Figure 2.11 – Sturm snow classification.

In general snow emissivity is lower than vegetation emissivity but Figure 2.14 shows that depending
on THE snow typeS and the period of the winter, the emissivity can vary. For instance, note on the
maps, A discontinuity between the west and the east side of the Ural mounts: even at 36.5 GHz this
is visible with lower emissivities ON the east. The east region of Ural has lower mean air temperatures
making a higher probability of depth hoar formation which causes decreasing emissivities [2]. On all
panels in Figure 2.14, tundra and taiga snows have quite low emissivities, both are snows from cold
climate as the east side of Ural mounts, Siberia, Canada, or Alaska. These types of snow have low
precipitation rates. Then prairie snow has also A quite low emissivity/ prairie snow appears when
temperature is higher but still with low precipitation rates. Regarding maritime snow, emissivities are
really high comparing to general snow emissivities. Maritime snow appears at higher temperature,
with a high precipitation rate and rather wet snow. As for maritime snow, mountain snow has quite
high emissivities. Mountain snow has a highly variable snow cover, depending on solar radiation
e�ects and local wind patterns [15]. Finally, ephemeral snow has very variable responses: emissivity
goes from 0.7 to nearly 1. Indeed, the emissivity of ephemeral snow can include regions that are only
partly snow covered with a strong contribution with the vegetation and soil emissivity.

For every snow type, nadir radar backscattering is quite high as can be seen on Figure 2.15. Then,
it diminishes with angles. For large angle, Ka responses seem to be higher than Ku band. This
is likely related to an increase scattering on the snow at this higher frequency. Tundra, taiga and
prairie snows have the similar behaviours. Mountain snow is quite similar to ephemeral snow, maybe
because of the high variability of its depth and because of the high topography which brings more
topography roughness. Maritime snow radar backscattering for larger angles seems to be a bit higher
than backscattering coe�cient of the other snow types.

Let us now examine the evolution of the snow responses in the microwave a long the winter. For
frequencies starting at 36.5 GHz, snow o�ers a large variability of emissivities. As can be seen
on Figures 2.12 and 2.14, the 36.5 GHz emissivities increase from the beginning of the season
(November) to the end of the season (March). In March for instance, emissivity goes from 0.6 to
0.98 approximately, whereas for November it goes from 0.75 to 0.98. In Northern America, with a
quite similar snow cover, emissivities are very di�erent from November to March. Figure 2.16 also
illustrates this high variability according to the snow types especially at the end of the season (March)
for 36.5 GHz. Emissivities at 89 and 165.5 GHz have similar behaviours, with large variability during
all the season. Ephemeral snow has a behaviour completely di�erent from the other types of snow,
likely related to the fact that it includes snow-free signatures. Tundra and Taiga snows have the larger
variability, these types of snow are very cold, dense and are formed by large crystals with very large
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Figure 2.12 – Maps of Northern Hemisphere. Top panels are the snow percentage maps, and the
other ones are the emissivity maps in horizontal polarization at 36.5 and 165.5 GHz.
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Figure 2.13 – Emissivity as a function of frequency for each type of snows for January 2015

reflectivity (�). Notice that with the winter season moving forward, larger snow grains are formed
[14], making the emissivities decrease [2]. Looking at the seasonal variation of the backscattering
coe�cients (Figure 2.17), for large angles, snow backscattering coe�cients are getting higher at the
heart of the winter. On the other hand, at nadir, there is no clear seasonal variations and the standard
deviations are always very large. Note again that the backscattering coe�cients are decreasing with
increasing incident angles.
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Figure 2.8 – Backscattering coe�cients as a function of angle for the di�erent types of vegetation
in July 2015, for Ku and Ka bands.

One standard deviations are indicated by vertical lines, on each side of the mean value.

The seasonal variation of the microwave parameters are now examined. Figures 2.9 and 2.10 repre-
sent the mean emissivity and backscattering coe�cient with their standard deviation over a year in
Northern Hemisphere. Barren or sparsely vegetated area and evergreen broadleaf forests have quite
stable signatures for both passive and active microwave observations, as expected because of the
seasonal stability of these vegetation types. On the other hand, an increase in polarization di�erence
can be seen for the mixed forest and the woody savannas: indeed in winter, the surface roughness is
decreasing because vegetation density is decreasing. The polarization di�erence is a better discrimi-
nating criterion for the lower frequencies. Looking at the backscattering coe�cients, on Figure 2.10,
the Larger the angle, the less the sensitivity to the seasonal variation. However, note that the larger
angles have more stable responses, with still some changes with season. It has been shown before
that much larger angles (above 30o) would provide backscattering coe�cient with better sensitivity
to the vegetation density.
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Figure 2.14 – Histograms of the di�erent observations for the six snow types, for the Northern
Hemisphere in November, January and March 2014-2015. Histograms are normalized to have the
same area. The number of pixels is indicated.
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Figure 2.15 – Backscattering coe�cients as a function of angle for January 2015 and for each snow
type.
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Figure 3.3 – Snow-free surface classification for January 2015

Figure 3.4 – Snow-free surface classification for July 2015
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Sand deserts correspond to classes from 18 to 20, with low emissivity at horizontal polarization
[10] and very high polarization di�erence.
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Figure 3.1 – Centre of each cluster for the snow-free surface classification for each passive and active
microwave inputs
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Figure 3.2 – Covariance matrix (absolute value) for clusters 8 and 19 for the snow-free surface
classification

Figure 3.2 shows that there is a great variability of covariances between channels from a cluster to
another (here only two are shown). For the snow-free surface, emissivities in the same polarization
are very correlated, as can be seen on Figure 3.2. For the same angle range, Ku and Ka bands are
also well correlated. In cluster 8 which corresponds to highly vegetated areas, the 36 GHz and 89
GHz are quite correlated, more than over desert areas such as in cluster 19.
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Figure 3.6 – Snow-covered surfaces classification for November 2014.
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Figure 3.7 – Snow-covered surface classification for January 2015.
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Figure 3.8 – Snow-covered surface classification for March 2015.
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3.3 Snow-covered surfaces
A classification of the snow-covered surfaces is now conducted. It takes only pixels containing snow.
To select snow-covered pixels, the snow flag of Joe Munchak was used. For the snow classification,
the 165.5 GHz emissivities for both vertical and horizontal polarizations have been added. Indeed, the
previous analysis showed that high frequencies are very sensitive to snow presence and characteristics.
In addition, the analysis demonstrated that the backscattering coe�cients were not very variable with
snow properties. As a consequence, it sounds legitimate to add more passive information to better
characterize snow surfaces. In order to emphasized more the influence of higher frequencies in the
classification, a weight of two were given to 89 GHz and 165.5 GHz bands.

An analysis of the snow clusters follows:

• Cluster 1 is related to ice. On the maps, Greenland appears in this cluster.

• Clusters 3 to 6 correspond to cold and dry snow. The emissivities at high frequencies are
decreasing due to strong scattering in the snow whereas the low frequencies still show rather
high emissivities. Backscattering is rather low even for nadir angles. These clusters correspond
to cold and dry snow like tundra or taiga in the Sturm classification (Eastern Siberia and
Northern America).

• Clusters 10 to 13 have rather high emissivities and low backscattering for all frequencies and
angles. Comparing to the previous analysis, it seems to be related to mountain or maritime
snow, especially because of high emissivities even for high frequencies (see Figure 2.14). Look-
ing at Figures 3.6, 3.7 and 3.8, clusters 10 to 13 correspond to mountain and prairie snow in
the Sturm classification (Figure 2.11).

• Clusters 17 to 20: the emissivities are similar than in clusters 3 to 6 but slightly higher. The
backscattering coe�cients are lower for large angles in Ku bands. On the maps, these clusters
appear just on the east side of the Ural Mountains or in eastern Canada.
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Figure 3.5 – Centre of each cluster for the snow-covered surface classification, for each passive and
active inputs

Snow-Free	Surfaces Snow-Covered	Surfaces

Kohonen Joint	
Classification

The gridded mean of emissivity and sigma0
was input to the unsuperivised Kohonen
classification method to derive 20 snow-
free and snow-covered classes. For snow
free surfaces, these classes represent the
gradual transition from low emissivity,
high-polarization, strongly scattering
surfaces representing wetlands and coasts
to dense vegetation (low polarization, high
emissivity, low backscatter), then to arid,
low-vegetation regions. The snow-covered
classes show the distinct nature of ice
sheets (uniformly low emissivity) followed
by dry snow (decreasing emissivity with
frequency), wet snow with higher
emissivities, and ephemeral snow with
similar emissivity behavior to dry snow, but
stronger backscatter.


